Chloride ions attack is the main factor leading to the degradation of concrete durability, while the diffusion process would be significantly aggravated under the dynamic flexural loading and dry-wet cycles. In this paper, the influence coefficients of dynamic flexural loading on chloride/water diffusion coefficients were established, based on the relationship between the dynamic flexural loading and the chloride ions diffusion coefficient of concrete. Based on the model of chloride ions transporting in dry-wet cycle environment, the transport model of chloride ions in concrete under the dynamic flexural loading and dry-wet cycles was established. The effects of different factors on the chloride ions transport law in concrete were analyzed through laboratory test. The results showed that the model was in good agreement with the experimental results. The theory and assumptions proposed applied in the model of chloride ions transport in concrete under the dynamic flexural loading and dry-wet cycles had certain rationality and scientificity.
Introduction
Chloride ions could greatly harm the durability of reinforced concrete structures. In the area rich in chloride salt, concrete structures are not only exposed to chloride environment, but also subjected to the fatigue failure caused by repeated traffic loads. Under the dynamic flexural loading, the microcracks of concrete could easily sprout and expand. These microcracks not only constitute the transport channel of chloride ions, but also contribute to the water diffusion in concrete which increases the driving force of diffusion and convection. As for the concrete structure in tidal region, or areas where splash and water level change is prevailing, the concrete also suffers from dry-wet cycle of chloride solution. When concrete is in unsaturated state, the transmission of chloride ions in concrete is faster [1] . Due to the defect of design standard, the durability of concrete is insufficient. The cost of maintenance is increasing continuously which causes huge economic loss [2, 3] . Therefore, studying the effect of dynamic flexural loading and dry-wet cycles on chloride ions diffusion in concrete is of great significance for ensuring the safe operation of concrete works in the chloride enrichment area, and accurately predicting and improving the service life of the project. Chloride ions diffusion process in concrete has been studied by several researchers. Many of them [4] [5] [6] [7] study the chloride diffusion characteristic in concrete based on Fick's second law. The influences of different fatigue stress levels and temperature coupling on the chloride diffusion coefficient of concrete were investigated by Wang et al. [8, 9] . Ren et al. [10] had found that the chloride ions permeability coefficient and the fatigue stress level have an exponential relationship under the combined effect of fatigue load and chloride solution immersion. The combined action of loads with a chloride dry-wet cycle and freeze-thaw cycle on the flexural performance of reinforced concrete (RC) beams strengthened with textile reinforced concrete was studied by Yin et al. [11] . It had been found that the coupling of load and chloride ions caused sustained damage to the textile reinforced concrete (TRC) and reduced the durability of the TRC. The chloride penetration process in concrete with two different replacement ratios by supplementary cementitious materials, three different levels of flexural loading, and 2 Mathematical Problems in Engineering three different types of drying-wetting-carbonation exposure conditions was experimentally characterized by Ye et al. [12] . The result showed that the incorporation of supplementary cementitious materials makes concrete more vulnerable to chloride attack under a combined deterioration of cyclic drying-wetting and carbonation, since the deficiency of portlandite dominates the positive effects such as pore refinement. At present, the transmission model of chloride ions in concrete under different environmental factors or mechanical properties has been addressed by many researchers [13] [14] [15] [16] . But little information is available about the experimental and theoretical analysis of chloride ions transport in concrete under the combined action of dynamic flexural loading and dry-wet cycle.
In this paper, transport behavior of chloride ions under the combined action of dynamic flexural loading and drywet cycles is considered as the effect of dynamic flexural loading on the chloride ions diffusion coefficient and water diffusion coefficient. The influence coefficients of dynamic flexural loading on chloride ions diffusion coefficient and water diffusion coefficient were established, respectively. And then according to the equation of chloride ions transport in concrete under the action of dry-wet cycle and the equation of chloride ions transport in concrete under the action of dynamic flexural loading, the equation of chloride ions transport in concrete under the combined action of dynamic flexural loading and dry-wet cycles was established. The rationality of the model was verified by comparing the experimental results and model results. The research results provide a reference for the design and life prediction of road concrete engineering under the interaction of dynamic flexural loading and dry-wet cycle in a salt rich environment.
Model for Chloride Ions
Transport in Cement Concrete under Dynamic Flexural Loading
Characterization of Chloride Ions Diffusion Coefficient
Based on Crack Area. In concrete, there are native microcracks and connected micropores. When concrete is subjected to chloride attack, the chloride ions will pass through the pores and defects into the concrete and spread to the depth. The dynamic flexural loading intensifies the initiation and propagation of microcracks in concrete. And the chloride ions diffusion channel and diffusion rate increase consequently. When dynamic flexural loading is applied to concrete, the microcracks in concrete would open, and the tip of the crack could generate a partial vacuum, resulting in the chloride solution entering the crack rapidly by pumping. When the load is unloaded, the closed crack would force salt solution spraying. In such a cycle, the chloride solution forms turbulent diffusion near the microcracks, which greatly improves the diffusion capacity of chloride ions. Here, the concrete is divided into two parts: the matrix and the microcrack. The chloride ions diffuse into the concrete through the pores and microcracks of the matrix. The total diffusion flux of chloride ions into the concrete includes the matrix diffusion flux and microcrack diffusion flux, as shown below:
where is the total chloride ions diffusion flux into the concrete; is the chloride ions diffusion flux into concrete through the matrix; is the chloride ions diffusion flux into the concrete through the crack; is the area of the concrete matrix;
is the area of concrete cracks. According to the diffusion theory, diffusion flux is the product of the diffusion coefficient of ions by the ion concentration gradient, as follows:
where is the mass concentration of chloride ions; is the diffusion direction of chloride ions; is the total diffusion coefficient of chloride ions in concrete; is diffusion coefficient of chloride ions through concrete matrix; is diffusion coefficients of chloride ions through cracks.
Then (2) are taken into (1) and deformed:
Equation (3) is the diffusion coefficient of chloride ions characterized by the crack area. The chloride diffusion coefficient is the result of the integration of chloride ions diffusing through the connected pore and crack. It is an equivalent diffusion coefficient and it can be tested according to the Nordic standard NT BUILD 443-The immersion test.
For ordinary concrete, the crack area is very small and the matrix area is much larger than the crack area, so (3) can be simplified as
If the dynamic flexural loading is applied to the concrete, the dynamic flexural loading will cause the fatigue cumulative damage to the concrete. The crack area will increase and the chloride ions diffusion coefficient will also increase. The chloride ions diffusion coefficient can be expressed as below after the damage:
where is the chloride diffusion coefficient after fatigue damage of concrete;
is the crack area of concrete after fatigue damage.
The crack area consists of two parts, the initial crack area and the extended crack area:
Mathematical Problems in Engineering where Δ is the change of crack area of the concrete after fatigue damage. Then (6) is taken into (5), obtaining
where is the equivalent chloride ions diffusion coefficient tested according to the Nordic standard NT BUILD 443-The immersion test or other methods; is the maximum diffusion coefficient of chloride ions in concrete cracks. Equation (7) is the characterization of chloride ions diffusion coefficient based on crack area and initial diffusion coefficient after the fatigue damage.
Effects of Fatigue Damage on Crack
Area. The bottom of middle part of concrete beam and pavement slab is under the maximum flexural tensile stress. Under the combined action of cyclic bending stress and chloride diffusion, the bending deformation of this part is the largest and the structure is the weakest. It will lead to the fastest rate of chloride ions penetration. A unit is selected from this part as shown in Figure 1 . Three hypotheses are made as follows:
(1) The concrete is homogeneous and the chloride ions diffuse in the concrete unit in one dimension;
(2) The initial microcracks are evenly distributed in the concrete;
(3) The damage of concrete is only the expansion of microcracks during fatigue damage.
On the basis of the above assumptions, the following three steps can be done as shown in Figure 2: (1) An interface perpendicular to the direction of diffusion is selected. Microcracks in this interface are evenly distributed.
(2) This interface is evenly divided into microarea units, so that each microarea unit contains a microcrack.
(3) The irregular crack in the microarea unit is simplified into a rectangle so that the area of the rectangle can be equal to the initial crack area. According to the equivalent simplification shown in Figure 2 of the crack area, the length and width of the simplified rectangle are , , respectively. The initial crack area is
where is the number of microarea units to be divided. After fatigue damage occurs, the growth of microcracks is the growth of crack length and crack width. After expansion, the length and width of cracks are
where is the fatigue cumulative damage of the concrete. Then, after the damage, the crack area in the concrete is
The change of the crack area is
Equation (11) is taken into (7), obtaining
Making = / = Initial microcrack area/matrix area, then (12) can be converted into
It can be seen from the definition of that it represents the initial microcrack density of the concrete. The vacuum epoxy dipping method and the fluorescent liquid displacement method can be used to measure the initial microcrack density of the concrete [17, 18] . It can be seen from (13) that the chloride ions diffusion coefficient of fatigue-damaged concrete can be expressed by the initial microcrack area density and fatigue cumulative damage.
Introduction of Dynamic Flexural
Loading. Dynamic flexural loading causes damage to concrete. Fatigue damage accumulates with the number of loading times increasing. According to the linear fatigue cumulative damage theory [19] , the fatigue damage of concrete is proportional to the number of loading times:
where is the time of dynamic flexural loading; is fatigue life of concrete.
The time of dynamic flexural loading is the product of the load frequency and load times:
where is the frequency of the dynamic flexural loading; is times of action of dynamic flexural loading. According to the fatigue equation of concrete [20] , the fatigue life of concrete has a semilogarithmic relationship with the maximum stress:
where is the maximum stress level under dynamic flexural loading; , are test constants related to materials. Equations (15) and (16) are taken into (14) , and then (17) is available:
Equation (17) is taken into (13) , and then (18) is available:
Equation (18) is the expression of the influence of dynamic flexural loading on chloride diffusion coefficient of concrete. The influence of stress level, frequency, and the action time of dynamic flexural loading on the diffusion coefficient of chloride ions can be analyzed quantitatively.
Model for Chloride Ions Transport in Cement Concrete under Dry-Wet Cycles
The flux of chloride ions into the concrete under dry-wet cycle is mainly divided into two parts which are diffusion flux and convection flux, respectively:
where is the diffusion flux; is the convection flux.
Chloride diffusion flux can be expressed by Fick's first law as shown in (20):
where the negative sign indicates that the chloride ions diffusion is opposite to the concentration gradient; Θ is the water content of concrete, %; is the chloride ions diffusion coefficient, m 2 /s; is the chloride concentration in the pore liquid, kg/m 3 . The chloride ions diffusion coefficient is related to concrete age, chloride ions adsorption effect, ambient temperature, and concrete saturation. The chloride ions diffusion coefficient decreases exponentially with the age of concrete [21] :
where is the chloride ions diffusion coefficient at time ;
ref is the chloride ions diffusion coefficient at age ref , generally taking 28 d; is the time attenuation coefficient, which could be 0.65 for ordinary Portland cement in the marine environment; tide and splash area is 0.37 and underwater area is 0.30 [22] .
As for concrete which has a greater saturation, the diffusion of the chloride ions could be accelerated in a higher manner. Guimarães et al. [23, 24] found that the chloride diffusion coefficient had a good correlation with the quadratic function of concrete saturation:
where is the diffusion coefficient of saturation ; 0 is the chloride ions diffusion coefficient in saturated state; , , and are fitting constants. The higher the temperature is, the greater the diffusion coefficient of chloride ions would be. The relationship between temperature and the chloride ions diffusion coefficient is [25] 
where 0 is the chloride ions diffusion coefficient at temperature 0 ; 0 usually takes 293 K; is gas constant; is activation energy of chloride diffusion in concrete, J/mol. When water cement ratio is 0.4, is 41800 J/mol. When water cement ratio is 0.5, is 44600 J/mol. When water cement ratio is 0.6, is 32000 J/mol.
Based on the (21), (22) , and (23), considering the effect of the age of concrete, environment temperature and concrete saturation on the chloride diffusion coefficient, chloride ions diffusion coefficient is Thus, the chloride diffusion flux into the concrete can be expressed as
The chloride ions flux caused by convection is
where, V is the velocity of water seepage, m/s. The velocity of water seepage in concrete accords with Darcy's law:
where, is seepage coefficient, m/s [26] ; is the viscous coefficient of pore fluid, Pa⋅s; is pressure head, . (27) can be expressed as
It is a function of water content in concrete. Water content in concrete is related to porosity and saturation of concrete. Therefore, water diffusion coefficient is a function of porosity and saturation of concrete. It is assumed that the porosity of concrete is a time-irrelevant constant, so
In dry-wet cycle process, the diffusion coefficient of water is different at different stages of wetting and drying:
Lin et al. [27] considered the influence of concrete age, saturation, and temperature on water diffusion coefficient and established the relationship between water diffusion coefficient and the three factors:
where is the water diffusion coefficient in concrete when saturation is 1; is water diffusion coefficient in concrete at initial saturation; is transport activation energy of water in concrete, kJ/mol; , , are constant ( = 0.05, = 0.792, = 6); is constant, = 6. Here, considering the influence of concrete age, saturation, and environment temperature on the diffusion of water in concrete, the convection flux of chloride ions in concrete can be expressed as
Equations (25) and (32) are taken into (19) , and then chloride flux entering concrete through diffusion and convection under dry-wet cycle is
According to the conservation of total mass of chloride ions:
Equation (33) is taken into (34):
Water content of concrete can be expressed as
where is the porosity of concrete, %. Equation (36) is taken into (35) available:
Because chloride ions can only transport through the pores inside the concrete and the chloride concentration in the pores is difficult to measure, so the chloride ions concentration in pores is converted to the concentration where chloride ion occupies the mass of concrete ratio , %.
where is the density of concrete, kg/m 3 . Equation (38) is taken into (37):
The porosity of concrete decreases with the increase of concrete age. The effect of concrete age on chloride diffusion coefficient and water diffusion coefficient is considered. So the change of porosity with time and space is neglected in (40) for
When the binding of chloride ions was considered, the left side of (40) is the change of the total chloride ions concentration with time, and the right side is the free chloride ions flux; then (40) can be transformed into
And the total concentration of chloride ions entering the concrete is the sum of free chloride ions concentration and combined chloride ions concentration as
where is the total concentration of chloride ions, %; is combined chloride ions concentration, %; is free chloride ions concentration, %.
The left side of (41) is changed as
Then (44) is available:
Making = 1 + / , is the influence coefficient of binding of chloride ions, which is related to the type of cement. So (44) can be simplified in one dimension:
Equation (45) is the convection-diffusion model of chloride ions transport in concrete which is taken into account of the difference between dry and wet environment and the influence from concrete age, saturation, ambient temperature, and adsorption effect.
There are two variables in (45) which are chloride ions concentration and water saturation . The diffusion model of water saturation of concrete can be expressed as
Considering simultaneous Equations (45) and (46) combined with initial conditions and boundary conditions, the chloride ions concentration distribution of concrete under dry-wet cycles can be solved.
Chloride Ions Transport Model in Concrete under the Combined Action of Dry-Wet Cycling and Dynamic Flexural Loading

Establishment of Influence Coefficient of Dynamic Flexural Loading on Chloride Diffusion Coefficient and Water Diffusion
Coefficient. According to the influence of dynamic flexural loading on the microcrack of concrete, the chloride diffusion coefficient of concrete under the dynamic flexural loading is established. So a conversion is carried out about (18) . As shown in (47):
)) . (47)
This makes
where is the influence coefficient of dynamic flexural loading on chloride diffusion coefficient, which represents the expansion factor of the dynamic flexural loading on the chloride ions diffusion coefficient. It is related to the initial diffusion coefficient of chloride ions. Equation (48) characterizes the influence of microcrack propagation on chloride ions diffusion coefficient. Analogies are made between the influence coefficient of microcrack on water diffusion coefficient and influence coefficient of microcrack on chloride diffusion coefficient. The influence coefficient of dynamic flexural loading on water diffusion coefficient is
Equation (49) represents the fact that (H 2 O) is related to water initial diffusion coefficient.
Diffusion Flux of Chloride Ions.
Based on (24) that expresses chloride diffusion coefficient which takes concrete age, saturation, and temperature into account and (48), the effect of dynamic flexural loading on the chloride ions diffusion coefficient, the chloride ions diffusion coefficient of concrete under the combined action of dynamic flexural loading and dry-wet cycle can be expressed as
Therefore, the chloride ions diffusion flux into the concrete under the combined action of dynamic flexural loading and dry-wet cycle is
( 1
Convection Flux of Chloride Ions.
Based on the effect of concrete age, saturation, temperature on water diffusion coefficient (31) , and the effect of dynamic flexural loading on the water diffusion coefficient (49), diffusion coefficient of water transport in concrete under the combined action of dynamic flexural loading and dry-wet cycle can be expressed as
Therefore, the convective flux of chloride ions entering concrete under the combined action of dynamic flexural loading and dry-wet cycle is
where H 2 O ( ) is as shown in (52). Therefore, the total flux of chloride entering the concrete under the combined action of dynamic flexural loading and dry-wet cycle is
According to the law of conservation of mass of chloride ions:
Then (54) is taken into (55), obtaining
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Then, chloride concentration is changed into chloride ions accounting for the mass percentage of concrete, and the adsorption effect of chloride ions is considered. Equation (56) is simplified and transformed. Then in one-dimensional direction the chloride ions transport equation is
Equation (57) is the convection-diffusion model of chloride ions transport in concrete under the combined action of dynamic flexural loading and dry-wet cycle.
Solution of Chloride Ions Transport Equation of Concrete under the Combined Action of Dynamic Flexural Loading and Dry-Wet Cycle
The convection-diffusion model of chloride ions transport in concrete under the combined action of dynamic flexural loading and dry-wet cycle (57) contains two variables, respectively, chloride ions concentration and water saturation . It cannot be solved independently. The water diffusion coefficient (46) should be introduced into (57) and the water diffusion coefficient H 2 O ( ) is shown in (52). Considering simultaneous Equations (57) and (46), the distribution of chloride ions in concrete can be obtained by combining initial conditions and boundary conditions.
Initial Conditions.
Initial saturation of concrete is 0 , and the initial chloride concentration is 0 as follows. The amount of chloride ions invading into sample during the preparation is small and is usually regarded as 0.
Boundary Conditions.
In dry-wet cycle environment, the concrete is under two stages which are drying stage and wetting stage. The boundary condition is different in different environment. When concrete is in wetting stage, the surface of concrete is in its saturation when soaked in the chloride solution. The concentration of surface pore solution is the same as that of the chloride solution as follows:
where 00 is the percentage of chloride ions content in concrete, which can be calculated from the concentration of chloride ions and equation = / . As for drying stage, assuming that the concrete surface saturation instantly becomes a constant 00 at the beginning of drying stage, the chloride ions in the surface will not flow out with water:
Equation (61) is the boundary conditions of chloride transport equation in drying process.
As can be seen the equation of chloride ions transport in concrete under the combined action of dynamic flexural loading and dry-wet cycle is a nonlinear partial differential equation; the analytic solution of it cannot be found, so the numerical solution is appropriate to solve the problem. Firstly, the Crank-Nicolson scheme with high accuracy in the finite difference method is used to numerically discretize the model equation, the initial condition, and the boundary condition. Then the model is programmed with MATLAB; chase method is used to solve the equation.
The solution process is as follows:
(1) According to the initial conditions and boundary conditions of water transport equation, the distribution of water saturation in the concrete is calculated.
Since the water transport model is a nonlinear partial differential equation, the solution is iterated to ensure the accuracy, and the saturation of the same spatial position of the adjacent time step is satisfied:
where is the accuracy requirement.
(2) According to the distribution of water saturation, the initial conditions, and boundary conditions of chloride ions transport, the catching method was used to solve the concentration distribution of chloride ions in concrete.
(3) According to step (1) and step (2) the distribution of water saturation and the boundary conditions, the distribution of water saturation, and the distribution of chloride ions are solved.
Step (1) and step (2) are cycled until the end of time. 
Validation of Chloride Ions Transport Model in Concrete under Dynamic Flexural Loading and Dry-Wet Cycles
In order to verify the rationality of the chloride ions transport model in the concrete under the combined action of the dynamic flexural loading and dry-wet cycle, indoor test was designed to simulate actual project to accelerate the ion diffusion environment, verify the model, and analyze the effect of dynamic flexural loading and dry-wet cycle on chloride ions transmission in concrete.
Experimental Program
6.1.1. Materials. Ordinary Portland cement was used in this research and its physical and mechanical properties are shown in Table 1 . Limestone gravel was used as coarse aggregates, whose particle size was 5 mm-20 mm and apparent density was 2.71 g/cm 3 . River sand was used as fine aggregates, whose fineness modulus and apparent density were 2.8 and 2660 kg/m 3 , respectively. Polycarboxylic acid water reducing agent was used. The chloride content of water reducing agent was less than 0.01%, which can be neglected. Tap water was used.
Mix Proportions.
The water cement ratio is 0.4 of the concrete mixtures. The details of mix proportions are given in Table 2 .
Test Procedures
Chloride Ions Transport Test of Concrete under Dynamic
Flexural Loading and Dry-Wet Cycle. Based on literature studies [28] [29] [30] , in order to simulate the actual working environment of concrete structure of road engineering and speed up the rate of chloride transport for saving test time, in this paper, the chloride ions transport test was conducted under dynamic flexural loading and dry-wet cycle, of which the two maximum stress levels were 0.6 and 0.4 and the minimum stress level was 0.1. Drying and wetting time of the specimen were both 24 h, which made a cycle time of 48 h. The dynamic flexural loading frequency was 400 times/d. The concentration of NaCl solution was 8%.
Specimens of 100 mm × 100 mm × 400 mm were prepared. After 28-day curing ages, six surfaces of specimens except two surfaces of 100 mm × 400 mm were coated with anticorrosion material so that the chloride ions was onedimensional diffusion. The coated specimens were cooled for 30 min before soaked into water for 24 h. A self-developed device which can assess ion transport characteristics in concrete under dynamic flexural loading and dry-wet cycle was used, and the mechanism of this device could be found in Figure 3 . Firstly, the specimen was put on the test stand. Then specified concentration of chloride solution was poured into the container where the specimen was in it. Then dynamic flexural loading was applied to the specimen whose load frequency was 400 times/day. The load spectrum of dynamic flexural loading is shown in Figure 4 .
Chloride Ions Concentration Test.
The chloride ions concentration of concrete was measured in accordance with the specification (JGJ/T 322-2013). When chloride ions diffusion time reached 30 d, 60 d, and 90 d, the specimen was taken out from the container and air dried for 24 h at least. Powders from a hole which was drilled at the bending and ion diffusion surface of the specimen were used to test the chloride ions concentration.
Comparison of Model Results with Experimental Results
The Value of the Model Parameter.
Model length was equal to 0.1 m. Distance step was equal to 0.0005 m and time step was 1 h. Main parameters of the calculation model during dry-wet cycle process were shown in Table 3 which referred to Li [31] .
During dynamic flexural loading process, assuming that there was no chloride ions entering the concrete when the specimen was prepared, the initial chloride ions concentration 0 = 0. The chloride concentration in porosity of the surface is the same as external environmental chloride ions concentration, so chloride concentration in porosity of the surface can be expressed as = / , where is the percentage of chloride ions content on concrete surface; C is mass concentration of chloride solution, kg/m 3 ; is concrete saturation, = 1 when the concrete was completely soaked in the solution; is initial porosity of concrete, %; is concrete density, kg/m 3 . The diffusion coefficient of chloride in concrete is calculated according to Life-365 [32] American standard design program. Maximum diffusion coefficient from Yan [33] was adopted as diffusion coefficient of chloride ions in concrete cracks . Crack area density was adopted from the test result of Kustermann et al. [17] . The specific values of the parameters in the model are shown in Table 4 . Figure 5 from which it is evident that there is a good relationship between the model results and test results, especially when > 10 mm. The test results points are all near the calculation curve when > 10 mm. However, when = 2.5 mm, the model results are quite different from the experimental results. The cause might be that when the specimen was prepared, there was a layer of cement paste on the surface. The porosity of cement paste was large. The chloride ions gathered in the pores of cement paste on the surface. On the other hand, long drying time will cause chloride redistribution on the surface of concrete. With the drying time gradually extended, moisture on the surface of concrete gradually evaporates into the air but chloride did not evaporate with water into the air, which led a small amount of chloride particles to accumulate on the surface, increasing the concentration of chloride ions on the surface. However, these chloride particles quickly dissolve in water during the wetting process, so the diffusion rate of chloride ions in concrete will not increase. It also can be seen from the results that the concentration of chloride ions was increased with time going on. The longer the concrete soaked in the chloride solution, the more the chloride ions entering the concrete. The application of dynamic flexural loading on the concrete leads the crack growing up. As the stress level increases, the crack propagation deepens which leads to the chloride ions entering concrete deeply. The cracks crack more with dynamic flexural loading time increasing, so the chloride ions entered concrete fast. 
Comparative Analysis between Model Results and Experimental Results. The comparison of model results with experimental results is illustrated in
Conclusions
The main objective of this study was to establish the transport model of chloride ions under the combined action of dynamic flexural loading and dry-wet cycles. Laboratory tests were conducted to verify the rationality of the model. Based on the findings of the study, the following conclusions can be drawn.
The concrete was divided into two parts: matrix and crack. Diffusion coefficient of chloride ions was characterized by initial crack area of the concrete. The damage of concrete is assumed to be the initial crack propagation. The calculation model of cumulative fatigue damage and chloride diffusion coefficient of concrete was established. The influence of dynamic flexural loading on the diffusion coefficient of chloride ions was established by introducing the stress level and the load frequency into the chloride diffusion coefficient.
Based on Fick's second law, the transmission model of chloride ions in unsaturated concrete under dynamic flexural loading was established.
The influence of concrete age, saturation, and ambient temperature on the transport of chloride ions and water in concrete and the adsorption effect of chloride ions were taken into consideration to establish the convection-diffusion model of chloride ions in concrete under dry-wet cycles. The iteration and chasing methods were used to solve the model with MATLAB programming. The results of the model are in good agreement with the experimental results.
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